SIMPLE TECHNIQUE TO ESTIMATE SPOT SIZES FROM FAR FIELDS OF SINGLE-MODE FIBRES

Indexing terms: Optical fibres, Optical measurement
Accurate estimates of two characteristic spot sizes, Wm and Wp, based on measurements of far-field angles 8_3aB and "-40dB made on two single-mode fibres of widely differing refractive index profiles (RIPs) are reported. The results including their near-field profiles are compared with those deduced from the measured RIPs of the fibres, and are found to be in good agreement and well within the measurement accuracy.
(~l-5m long) and, using phase-sensitive detection, the halfintensity angle 0_ 3dB and the -40 dB intensity angle 6_ iOiB were measured. The angles so measured were then substituted into the empirical formulas (eqns. 4 and 5 in Reference 1) to obtain the near-field parameters n and d, 1 The modal field profiles ^(R) of the LP 01 -mode for these two fibres are obtained from numerical solution 8 of the scalar wave equation (eqn. 4 in Reference 9), and are used to calculate the spot sizes W rms and W p directly from eqns. 9 and 10 in Reference 1.
Introduction: In addition to the effective cutoff wavelength of the first higher order, LP,, mode and total chomatic dispersion, the other most important characteristic of a single-mode fibre is the modal field of the LP ol -mode and its associated spot sizes, namely the RMS near-field spot size W rlM and the Laplace spot size W p . Recently, it has been demonstrated in theory from simulation studies 1 that use of empirical formulas reported in Reference 2, which involve only two angles 0_ 3dB and 0_,t OdB in the far field of a single-mode fibre, are sufficient to yield an accurate estimate of its two spot sizes W rm , and W p . In this letter we report experimental results to support our theoretical prediction. Although characterisation of a singlemode fibre from measurements of its far field, originally proposed for step-index fibres, 3 in now well known, newer techniques to process far-field measurements are still being reported. 4 ' 5 We report yet another technique. The main advantage of our technique is that it involves measurement of intensity levels which are much above the tails of the far-field main lobe, and also the required accuracy in the measurement of the above angles is relatively low.
1 Furthermore, the method yields an accurate estimate of the LP 0 ,-mode field profile without recourse to prior knowledge of the fibre's RIP; this is important in predicting the performance of devices like fibre directional couplers. 6 Experiment and data processing: Light from a HeNe laser (X = 0-6328 ^m) was launched into the test single-mode fibre
Results and discussion:
The results for spot sizes as calculated from the far-field angles 0_ 3dB and 0_ todB according to the formula as given in Reference 1 are tabulated in Table 1 , Fig. 2 we have plotted the corresponding near fields. It can again be seen that the near fields derived from far-field measurements according to the method outlined above are in good agreement with near fields yielded by solution of the scalar wave equation on the basis of actual RIPs of the fibre. In summary, we have provided a simple measurement technique to obtain a sufficiently accurate estimate of the two characteristic spot sizes of the LP 01 -mode as well as the mode field itself in a single-mode fibre. 
